Abstract. The carcinoembryonic antigen (CEA) is a human tumor marker whose gene belongs to a family with more than 20 members. This gene family codes for a group of proteins with in vitro cell adhesion properties and for a group of abundantly expressed pregnancy-specific glycoproteins (PSG) with unknown functions. As a basis for in vivo functional studies, we have started to analyze the murine CEA gene family and have identified five new members (Cea-2 to Cea-6). eDNA clones were isolated for Cea-2, Cea-3, and Cea-6. The deduced amino acid sequences of Cea-2 and Cea-6 indicate three IgV-like (N), followed by one IgC-like (A) domain (N1-N2-N3-A). We have also partially characterized the Cea-2 gene and two additional ones, Cea-4 and Cea-5. Cea-2 and Cea-4 are separated by only 16 kb, suggesting a close linkage of murine CEA-related genes, as found for the human CEA gene family. Cea-5 was located to the proximal region of mouse Chromosome (Chr) 7, which is syntenic to part of human Chr 19, containing the human CEA gene family cluster. Cea-2, Cea-3, and a Cea-4-1ike gene are differentially transcribed in the placenta during pregnancy, but not in other organs tested. This expression pattern strongly suggests that they represent counterparts of the human PSG subgroup members, despite the presence of multiple IgV-like domains, a feature not found for human PSGs. The more distantly related Cea-5 seems to be ubiquitously expressed. The putative promoter region of Cea-2 lacks typical TATA-or CAAT-boxes, but contains other conserved motifs that could play a role in the initiation of transcription.
Introduction
Carcinoembryonic antigen (CEA), which is widely used as a tumor marker (Shively and Beatty 1985) , the closely related nonspecific crossreacting antigen (NCA), and biliary glycoproteins (BGP), as well as their rodent counterparts (mmCGM2 and C-CAM 105), have recently been shown to function in vitro as homo-and heterophilic cell adhesion molecules (reviewed in Thompson et al. 1991) . The mRNAs encoding these antigens show distinct and rather restricted expression patterns, being predominantly found in coIonic mucosa and adenocarcinomas (CEA, NCA), liver (BGP), and cells of the myeloid lineage [NCA, CGM6 (Zimmermann et al. 1987 Hinoda et al. 1990) ]. The human CEA-related antigens are encoded by a gene family with -20 members (reviewed in Thompson et al. 1991) , which represents a branch of the immunoglobulin gene superfamily (Williams and Barclay 1988) . The CEA gene family, which is clustered on the long arm of Chr 19 (Thompson et al. 1992) , can be subdivided into the CEA subgroup, containing the genes for the classical crossreacting antigens and the pregnancy-specific glycoprotein (PSG) subgroup (Watanabe and Chou 1988) . The PSGs comprise a group of very closely related proteins of unknown function encoded by at least 11 genes (Khan et al. 1992) . In contrast to the CEA-related proteins, which are membrane-bound, they appear to be secreted because most of them lack hydrophobic C-terminal domains suitable for membrane anchorage. PSGs are produced in large amounts by the syncytiotrophoblast and represent the major group of placental proteins in the serum of women at term pregnancy (Lin et al. 1974) . As tumors of trophoblastic origin also produce PSGs, these proteins have been used as markers to monitor the treatment of choriocarcinoma patients (Sakuragi 1982) .
Recently, putative PSG genes have also been identiffed in the rat (Kodelja et al. 1989; Rebstock et al. 1990 ). However, they show relatively low sequence similarity to the human CEA gene family. Furthermore, the deduced domain organization of a rat PSGrelated antigen (rnCGM1) has been found to be completely different from its human counterparts. Several immunoglobulin variable-like (IgV) domains are followed by one immunoglobulin constant-like (IgC) domain (Rebstock et al. 1990 ), whereas one IgV and two or three IgC domains are present in human PSGs . These observations, together with detailed "silent site" mutation analyses, imply that the CEA gene families have evolved independently in rodents and primates (Rudert et al. 1989) . For these reasons, a direct assignment of individual members or subgroups of the rodent CEA gene family to their human counterparts simply by sequence comparisons has not been possible. On the other hand, transcripts of the rnCGM1 gene have been found so far only in the placenta. Therefore, rnCGM1 and closely related genes (rnCGM3 and rnCGM4) most probably represent PSG homologs (Kodelja et al. 1989; Rebstock et al. 1990) .
As a basis for evolutionary and in vivo functional studies, we have isolated PSG/CEA-related genes and cDNAs from the genetically well-characterized species mouse and determined the chromosomal localization of one gene.
Materials and methods

Isolation and sequencing of mouse genomic and cDNA clones
A cosmid library from BALB/c liver DNA (Steinmetz et al. 1985) and hgt 11 library constructed from RNA of a day-13 mouse placenta (Jackson et al. 1986 ) were plated and screened according to standard procedures (Sambrook et al. 1989) . For the cosmid library the following mixture of [32p]labeled genomic and cDNA probes was used: The 289-bp HindIII/BamHI fragment from XrnCGM2-1 (Rudert et al. 1989) , the 661-bp PvuII/PstI fragment from XrnCGM3-1, as well as the 748-bp SstI/BamHI fragment from XrnCGM4/5-1 (Kodelja et al. 1989 ) and the EcoRI cDNA inserts of XrnCGMla and XrnCGMlb (Rebstock et al. 1990 ). The cDNA library was screened with the 296 bp XmnI/EcoRI fragment from XrnCGMI-I (Rudert et al. 1989) . The filters were washed at low stringency in 2 x SSPE, 0.1% SDS at 60~ (1 x SSPE: 180 mM NaCI, 10 mM sodium phosphate pH 7.4, 1 mM EDTA). For isolation of full-length cDNA clones the anchored polymerase chain reaction (PCR) was used. Two ~g of total RNA from day-13 placenta was reverse transcribed with avian myeloblastosis virus reverse transcriptase (Promega) with an oligo(dT)-containing oligonucleotide (5'-GGAATTCGTCGACAAGC-TT(T)lzG/C/A-3') as a primer. This primer can hybridize at the ends of all polyadenylated mRNAs because of the redundancy at its 3'-end (Leibrock et al. 1989) , and it contains EcoRI, SalI and HindIII recognition sites for subcloning. CEA-related cDNAs were amplified by 30 cycles (denaturation: 1 min, 94~ annealing: 15 s, 50~ extension: 3 min, 72~ in a Thermocycler 60 (bio-med) after addition of either Y-primer FR1 (pos: 73-89, Fig. 1C ) from the 5'-untranslated region, or FR2 (pos: 556-572, Fig. 1C ) from the N1-domain of Cea-2 cDNA and Taq polymerase (Promega) according to Sambrook and co-workers (1989) . Sequencing was performed on single-or double-stranded templates with Sequenase (United States Biochemicals) or T7 DNA polymerase (Phannacia) with internal or universal oligonucleotide primers. The program "Clustal" from PC-GENE (Genofit), which is based on average linkage cluster analysis (Higgins and Sharp 1988) , was used to construct the dendrograms. Specific primer selection for PCR was aided by the program "Primer" (Lucas et al. 1991) . Ks values were determined with the program LWL85 (Li et al. 1985) .
Mapping of cosmid clones
Restriction endonuclease sites on lorist B cosmids were mapped by partial digestion after conversion into phosmids, as described previously (Hohn 1983; Little and Cross 1985) . Exon positions were determined by sequencing and PCR (as above), using primers from different exons of Cea-2. The distances between and positions of the exons were inferred from the size of the amplified genomic DNA fragments in combination with known internal restriction endonuclease sites. Linearized cosmid DNA (1 txg) was used as template with 5'-oligonucleotides FR24 (N2-domain, pos: 791-807), FR28 (N3-domain, pos: 1050-1066), and 3'-oligonucleotides FR25 (3'-untranslated region, pos: 1932 -1948 ), FR27 (3'-untranslated region, pos. 1746 -1762 , FR29 (A-domain, pos: 1603-1619) in the following combinations: FR24/FR29, FR28/FR25, FR28/FR27, and FR28/ FR29.
RNA isolation and Northern blot analyses
Placentae, fetuses, and adult tissues from STU mice (Sch/ifer, 1979) were pulverized in liquid nitrogen, and total RNA was extracted according to Chomczynski and Sacchi (1987) . RNA blot hybridizations were performed as described (Maniatis et al. 1982) .
Determination of the transcriptional start sites of the Cea-2 gene by S1 nuclease analyses
The 1.45-kb HindIII/EcoRl fragment from cosE7, which contains the first exon of Cea-2, was subcloned into the M13mpl 9 vector and used as template for probe synthesis. Synthesis of a complementary strand by Taq polymerase was primed with the [32p]oligonucleotide 10C-L (pos: 84-107 in Cea-3 sequence). The resulting doublestranded DNA was digested with HpaII, and the 435 nc singlestranded fragment was purified on a denaturing polyacrylamide gel ). Hybridization to 50 Ixg of total RNA from day-13 placenta and S1 analysis were performed as described by Maniatis and colleagues (1982) . The size of the protected singlestranded DNA fragments was determined on a denaturing polyacrylamide gel with sequencing reaction products of the above M13 template and the 10C-L oligonucleotide as a primer.
Chromosomal localization
The chromosomal localization of Cea-5 was determined by segregation analyses in a panel of 334 [(C3H/HeJ-gld/gld x Mus spretus)Fl x C3H/HeJ-gld/gld] interspecific backcross mice. The breeding and isolation of genomic DNA from these mice has been described previously (Seldin et al. 1988) . The segregation of restriction fragment length variants (RFLVs) was examined in 10 Ixg genomic DNA samples, which were digested with TaqI, electrophoresed in 0.9% agarose gels, transferred to Nytran membranes (Schleicher & Schuell), hybridized at 65~ (Seldin et al. 1988) , and washed at 65~ in 0.2• SSC. Gene linkage was determined by segregation analysis (Green 1981) . Gene order was established by minimizing the number of double recombinants between genes within a linkage group and confirmed by maximum likelihood analysis (Bishop 1985) .
Results
Isolation and analysis of mouse PSG-related cDNA clones
Analysis of RNA from different adult and fetal mouse tissues with N-terminal domain exon-containing genomic fragments from rat PSG-related genes rnCGM1, rnCGM3, and rnCGM4 (Kodelja et al. 1989; Rebstock et al. 1990 ) revealed related transcripts in the placenta (data not shown). On the basis of these results, we screened a mouse day 13-placenta cDNA library (Jackson et al. 1986 ) with the rnCGM1 probe. Out of 106 recombinant phages, the DNA of 81 hybridized. The cDNA inserts from two of these clones (k-Cea-2 and k-Cea-3) were sequenced (Fig. 1A, Fig. 1C ). When compared with the deduced domain organization of the rat PSG analog rnCGM1 (Rebstock et al. 1990 ), hCea-2 contains nearly the whole of the first IgV-like domain (N1) and part of the second (N2), whereas kCea-3 also covers sequences of the 5'-noncoding region and the leader (Fig. 1A) . In order to gain the complete sequence for Cea-2 mRNA, the anchored PCR method was applied (see Materials and methods). The resulting DNA fragments of about 1.9 kb and 1.5 kb were subcloned and sequenced (Fig. 1A) . In addition to the expected full-length and partial Cea-2 cDNA clones (pCea-2a,b), a full-length clone from a third, closely related gene (Cea-6) was obtained. In the latter cDNA a single nucleotide is missing in the leader domain. Since this deletion was found in two independently isolated Cea-6 cDNA clones, a PCR amplification or cloning artefact can be ruled out. Therefore, Cea-6 is probably a pseudogene or a nonfunctional allele. In the following comparisons, the deletion was neglected. The Cea-2 cDNA has a length of 2044 bp and covers a 72-bp 5'-untranslated region, an open reading frame of 1425 bp, corresponding to 475 amino acids (M r = 52,912; M r minus leader = 49,292), and a 3'-noncoding sequence of 427 bp including a degenerate polyadenylation signal 15 nucleotides upstream of the poly(A) tail (Fig. 1C) . The deduced protein consists of a leader peptide, three related IgV-like domains (N1-N3) with 53--66% similarity at the nucleotide and 40-51% at the amino acid level and an IgCrelated domain of the A-type. The N domains are separated by leader fragments (L'2, L'3) with one or two cysteine residues. Seven N-glycosylation sites are present, all of which are located in the IgV-like domains. On the assumption of an increase of the molecular weight of 4000 per site by addition of carbohydrate chains (Neumaier et al. 1988) , the relative molecular mass of the mature proteins can be predicted to be about 77,000. Cea-6 mRNA is very similar up to 40 nucleotides downstream of the stop codon; thereafter the two sequences diverge completely. When the Cea-6 nucleotide sequence is compared with the 3'-untranslated region of rnCGM1 mRNA, continuous homology is found with 69% of the nucleotides being identical. As the A domain exon in the Cea-2 gene is contiguous with the 3'-noncoding region (see below) in Cea-6 and rnCGM1 mRNAs, splice events probably occurred in the vicinity of the stop codon. The lack of sequences matching the splice donor consensus sequence (Cech 1983) in the corresponding region of Cea-2 pre-mRNA could explain why splicing is not observed for the Cea-2 gene in this region. The 3'-untranslated region of Cea-6 contains two polyadenylation consensus sequences. The putative Cea-6 protein shows an identical domain organization as found for Cea-2. Eight putative glycosylation sites exist, which would lead to a predicted M r of 81,000 of the glycosylated protein. It has 60% of its amino acids in common with the Cea-2 protein. 
TCTTCTAGTGTTTGGcTGGTACAGAGGAATGACAAATTTGTGGCAAGCAATTGCACAGcATTGGcTGTACTACTATAGTGTAATGGTGAAGGGGCTGAATcACAGCGGcAGAGAGATATT ~eu~euVa [~heGlyTrpTyrArgG[yMetThrAsnEeuTrpGlnA[a~teAtaG[nHisTrpleuTyrTyrTyrserVa~MetVatLysGlyLe~~GtyArgGlu~[eLeu 361ATACATCAACGGGTcCCTGTGGATCCAAAATGTCACACAAGAGGACAcAGGATATTAcACTTTTcAAACCATAAGTAAACGAGGAGAAATAGTATcAAATACATCCCTGTAcTTGCAcGT Tyr~te~LeuTrp~[eG[~~lnG[uAspThrG[yTyrTyrThrPheG[nThr~le$erLysArgGlyG[u~teVa 
Isolation and analysis of mouse CEA/PSG-related genes
In parallel to the isolation of PSG-related cDNAs, we screened a mouse cosmid library for CEA/PSG-related genes. First, a pool of candidate clones was identified by hybridization at low stringency with a mixture of probes from rat CEA/PSG-related genes (rnCGM1, 2, 3 and 4; Kodelja et al. 1989 ) and a cDNA (rnCGM1; Rebstock et al. 1990 ). Seventy-five out of 3 • 105 clones analyzed hybridized. Six of these clones gave a strong signal with the N1 exon probe from rnCGM1, whereas one clone (cosC3) hybridized with the N-terminal domain exon probe from rnCGM2. This gene is a more distantly related member of the rat CEA gene family, cosC3 and two of the clones, positive with the rnCGM1 probe (cosE7, cosGll), were characterized in detail. The genomic DNA inserts of cosE7 and cosG11 were found to overlap extensively, covering a 51-kb genomic region (Fig. 2) . DNA fragments containing exons 1 and 2 were identified by hybridization, then subcloned and partially sequenced (Fig. IB,C) . These analyses revealed the presence of two tandemly arranged genes in the overlapping cosmids cosE7 and cosGll. One gene coded for Cea-2; the second, located 16 kb downstream, was a new member of the CEA gene family (Cea-4)and closely related to Cea-2 (Fig. 2) . Their second exons have 84% of their nucleotide and 72% of their amino acid sequences in common. The close relationship of both genes is also observed in the region 5' of the translational start and the first intron, where similarities of 95% and 92% respectively are found. The complete exon organization of Cea-2 was determined. The first exon encodes the 5'-untranslated region and two-thirds of the leader peptide. The following three exons each code for the last third of the leader or leader-like sequences (L'2, L'3), respectively, and for individual N domains. The IgClike domain and the 3'-untranslated region found in the Cea-2 cDNA clones are encoded by the last ex_on. The whole Cea-2 transcription unit covers a region of 7.5 kb. Cosmid cosC3 covers 34.5 kb of genomic DNA that contains another new member of the murine CEA gene family . Although Cea-5 shows, as far as determined, the same overall genomic organization, it is more distantly related to Cea-2 and Cea-4. This is exemplified by the larger first intron and the different arrangement of the restriction endonuclease sites. Furthermore, its exon 2 sequence reveals only 55% similarity of its nucleotides and 40% of its amino acids with the corresponding sequences of Cea-2. However, it shows a similarity of 93% and 92% at the nucleotide and amino acid level, respectively, with the rat CEArelated gene rnCGM2. The rates of synonymous substitutions in the N domain exons of rnCGM2 and Cea-5 (Ks = 0.211 ---0.06) indicate that these genes diverged -16 x 10 6 years ago, close to the time of rat/mouse speciation (Bulmer et al. 1991) , so they probably represent orthologous genes. The translational start of the putative Cea-5 protein is ambiguous because of the presence of four potential in-frame ATG start codons (Fig. 1C) . The first two are soon followed by in-frame stop codons and, therefore, are irrelevant for initiation of translation of the putative Cea-5 precursor. The fourth ATG codon (pos. 172-174) displays a sequence context closest to the trans- Pr~Pr~ThrI~eG~uLeuVa~r~A~aSerVa [A[a~[u~[yG~y~erVa[LeuPheLeuVa|~isAsnLeu~r~[uTyrLeuI[eSerLeuThrTrpTyr~ysG[yA~aVa~Va~Phe 3021 TAACAAGCTTGAGATTGCCCGATACAGAACAGCCAAGAATTC AsnLysLeuG[uIleAtaArgTyrArgThrA[aLysAsn lational start consensus (Kozak 1989) . Usage of the third initiation codon (pos. 157-159), although obviously less favorable because of the lack of a purine at position -3, would lead to a leader peptide of 34 amino acids, a size that is predicted for all CEArelated precursor proteins characterized so far.
Classification of rodent CEA/PSG-related genes
The derived amino acid sequences from the second exons of the newly characterized and previously described members of the murine and rat CEA families were compared and displayed as a dendrogram (Fig.  3A) . These exons were chosen because they encode domains of the same type (IgV-like) in all known rodent and human CEA family members. The rodent CEA-related genes can be subdivided into three groups. The first contains the murine genes mmCGM1 and mmCGM2 and the rat gene ectoATPase (subgroup 1). The tightly coupled mouse genes Cea-2 and Cea-4, as well as Cea-3 and Cea-6, can be grouped together with the rat genes rnCGM1, rnCGM3, and rnCGM4 (subgroup 2). Cea-5 and rnCGM2 represent the third group (subgroup 3). Nucleotide sequence comparisons show mean similarities of 78%, 78%, and 93% within subgroups 1, 2, and 3, respectively, and between subgroups, from 54% to 61%. Multi-alignment of the amino acid sequences encoded by exon 2 of human and rodent CEA-related proteins demonstrated that none of the rodent subgroups can be assigned to any of the human CEA family subgroup, which form separate branches in the dendrogram (Fig. 3A) . Sequence analyses of all N domains of rodent subgroup 2 members revealed that they can be subdivided into two main groups: the first consists of all N1 domains, while the second contains the remaining ones (Fig. 3B) . Within the latter group, N domains with the same position number are most similar. This is also true for the five N domains of rnCGM1 if one takes the recent duplication of N2 and N3 into consideration (Rebstock et al. 1990 ). In order to identify regions that are possibly important for the function of members of the rodent subgroup 2, their N domain amino acid sequences were compared for conserved motifs present in only 1861 TTATAGGATiTTcTcTccT~acc~TccTciTAAccTGcT~GAATGcAccEGccGcT~cc~AGcTcAcTAiTGAATTAGTGccAcccATGGTTGccGAAGGc~GAAAcTc~GTTcT~TrrG [aPhe~euLeuThrCysTrpAsnA~a~r~A~aA~aA[aG[uLeuThrI~eG[uLeuVa~Pr~Pr~MetVa~A~aGtuG[yG~yAsnSerVMLeuPheVa~ 1981 serAspAr~LysThrvatPheTyrser~tyserLeuLeuIteAr~ii~LysA~aAsp~er6tyV~tTyrThrLeuLeuThrPheAsnThr~tu~Met6~user6tuLeuThrH1s 2121ATGTGCATC}GGAAGTGCAGGGTAAGTGG{TGCGTGACCTCTGGGTGCTGGGGGGCGG ValHisLeuG[uValGln one of the two main N domain groups. The most prominent motif specific for the N1 domains is located near the carboxy-terminal end (Fig. 1C) within a region of low sequence conservation between subgroups. The motif consists of a positively charged amino acid (Arg, His), followed by a glycine and a positively or negatively charged amino acid (Lys, Glu). A similar motif is present at the same position in nearly all members of the PSG subgroup. The sequence motif in human PSGs is mostly ArgGlyAsp (LysGlyAsp in PSG1; Khan and Hammarstr6m, 1990) .
Expression of CEA/PSG-related genes
In order to achieve assignment of mouse CEA/PSGrelated genes to their human counterparts, we cornpared expression patterns, assuming that mRNAs of analogous genes have a similar tissue distribution. Northern blot analyses were carried out under stringent conditions with total RNA from placenta (days 11, 13, 16, 17, and 18 of gestation) and from colon, uterus, ovary, liver, kidney, and fibroblasts of adult mice, with the cDNA insert of kCea-2 as a probe (Fig.  1A) . We found a 2.1-kb transcript only in placentae from day-13 of gestation onwards (Fig. 4 , lanes 2 and 10, and data not shown). An mRNA of the same size was also detected with a Cea-3 cDNA probe in RNA of day-I3, but not in day-I 1 mouse placenta (Fig. 4 , lanes 3, 4, 11, and 12). At low stringency, weak crosshybridization with a 3.3 kb mRNA species was detectable in day-ll and day-13 placental RNA with both probes (Fig. 4, lanes 1-4) . A Cea-4 genomic probe hybridized under low stringency conditions with a 3.3-kb mRNA species strongly in day-ll and weakly in day-13 placental RNA. Strong cross-hybridization with the 2.1-kb mRNA species in total RNA of day-13 placenta was observed (Fig. 4, lanes 5 and 6) . Under stringent conditions, all hybridization signals with this probe disappeared (Fig. 4, lanes 13 and 14) . Therefore, the 3.3-kb mRNA is probably derived from a gene closely related to Cea-4. As a control for RNA loading, identical samples were separated on the same gel and hybridized with a human [3-actin probe (Fig. 4, lanes 7, 8,  15 , and 16). The 2-kb BamHI DNA fragment of the Cea-5 gene covering the first and part of the second exon ( Fig. 1B and 2) hybridized at low stringency (2x SSPE, 55~ with a 3.4-kb mRNA in total RNA from NIH/3T3 mouse fibroblasts and whole day-11 and day-13 embryos (data not shown). 
Sequence comparisons of putative promoter regions
and small boxes (TSM2), respectively. Sequences deviating from the consensus motifs are underlined with fewer arrowheads and larger boxes, respectively. The numbers indicate the size of the compared sequences upstream of the translational start (underlined). References for sequences and transcriptional start sites: rnCGM1 (Rebstock et al. 1990 ), PSG1 ; Watanabe and Chou 1988), PSG5 ), CEA and NCA ).
Chromosomal localization of Cea-5
The 
Discussion
Here we report on five new members of the murine CEA gene family Cea-2, mmCGM6, mmGMC7, mmCGM8 , and mmCGM9; . Sequence comparisons with all known members of the murine and rat CEA gene families indicate that, as in humans, subgroups exist. None of these subgroups or individual genes, however, can be assigned to a human counterpart. This is probably owing to a rapid evolution of the CEA-related genes after separation of the primate and rodent orders (Rudert et al. 1989) . Rodent subgroup 1 contains the murine genes mmCGM1 and mmCGM2 (McCuaig et al. 1992; Turbide et al. 1991 ) and the rat gene coding for ectoATPase (Lin and Guidotti 1989) , which was recently shown to be identical to C-CAM 105 (Aurivillius et al. 1990 ). This subgroup probably corresponds to the human CEA subgroup, since both encode mainly membrane-anchored proteins with a similar domain organization and expression pattern. Like BGP, rat ectoATPase/C-CAM 105 is found mainly in the epithelia of bile ducts (Svenberg 1976; Odin et al. 1988) . Similarly, mmCGM1 and mmCGM2 transcripts have been detected in relatively large amounts in mouse liver (Turbide et al. 1991) . Members of rodent subgroup 2 show a very different domain organization to their human counterparts and rodent subgroup 1 members. Instead of containing one IgV-like domain as found for all human CEA-related proteins, they are composed of three (Cea-2, Cea-6; Fig. 1A ) or five (rnCGM1) such domains and one IgC domain (Rebstock et al. 1990 ). The existence of truncated leader sequences with cysteines between the IgV-like domains may have structural consequences (for example, for dimerization or formation of intramolecular disulfide bonds). Rodent subgroup 2 members lack any hydrophobic region and, therefore, seem to be secreted. Furthermore, as they are exclusively expressed in placenta, they most probably represent analogs of the human PSG subgroup. One may assume that human and rodent PSGs share a common function. As the N1 domain is the only domain of identical type (IgV-like) and position (first domain) common to rodent and human PSGs, it probably plays a major role in determining their function, This is supported by the finding that rodent PSG N1 domains form a separate group (Fig. 3B) . The sequence motif present only in the rodent PSG N1 and human PSG N domains is indicative of a potential function. The tripeptide sequence ArgGlyAsp (RGD in one-letter code) found in human PSGs is known to be responsible for the interaction of some extracellular matrix proteins with cell surface receptors of the integrin family (Ruoslahti and Pierschbacher 1987) . Although this sequence is not strictly conserved in mouse and rat N1 domains, it shares a common spatial and charge pattern with the RGD motif. The fact that a variable number of Ig-like domains (3, 4, and 6, respectively) exist in different PSG members indicates that the length of these molecules is not necessarily relevant for function. It may even be that no murine PSG exists with five IgV-like domains as found in the rat, because computer-assisted analysis of the sequences (Li et al. 1985; Rebstock et al. 1990 ) reveals that the rnCGMI N2/N3 domain duplication took place approximately 10 X 106 years ago, at a time after mouse/rat speciation (12 x 106 years ago; Bulmer et at. 1991) . On the other hand, single PSGs may have specialized functions. Although the PSG genes of mice, rats, and humans seem in general to be coordinately expressed in placenta (Kodelja et al. 1989; Thompson et al. 1990 ), individual members, like the Cea-4-1ike gene, might function only at a certain time during development. In this context it is interesting to note that Cea-4 so far is the only rodent PSG member that lacks the RGD-related motif. The third subgroup consists of Cea-5 and rnCGM2, which show a remarkably high degree of similarity and are probably homologs. Sequence conservation is probably due to selective pressure since, although determination of Ks values reveals that separation of this gene pair (16 x 106 years) took place before the duplication of the N2 and N3 domains in the rat PSG rnCGM1 (10 x 106 years; Rebstock et al. 1990 ), the amino acid sequence conservation is more pronounced between the N domains of Cea-5 and rnCGM2 (93% vs. 76%). As rodent subgroups 1 and 2 are counterparts of the human CEA and PSG subgroups, respectively, members of rodent subgroup 3 may be analogous to human CGM7, which is the most distantly related member of the human CEA subgroup. Determination of their expression patterns in both species should help clarify this.
Like all human ) and rodent (Rebstock et al. 1990 ) CEArelated genes, Cea-2 lacks typical promoter consensus sequences. As the conserved motifs found often correlate with transcriptional starts, they may represent recognition sites for transactivating factors. Indeed, the transcriptional start sites of the placentally expressed PSG and rodent subgroup 2 genes often coincide with the motif TSM1, whereas for CEA and NCA TSM2 is found. Moreover, gel retardation experiments showed that an apparently ubiquitously expressed nuclear factor(s) can bind to oligonucleotides, the sequences of which have been derived from the conserved region of Cea-2 shown in Fig. 5 (results to be published elsewhere).
The localization of a murine CEA gene family member to the proximal region of mouse Chr 7 is of interest because it was recently reported that the presumed CEA subgroup member mmCGM2 is also located on this chromosome (Robbins et al. 1991) . Similarly, using a human CEA eDNA probe, Siracusa et al. (1991) colocalized a CEA-related gene with Otf-2 to the proximal region of mouse Chr 7. The human CEA gene family is clustered on the long arm of human Chr 19 (Thompson et al., 1992) , in a region (19q13.1-13.2) that is syntenic to the proximal part of mouse Chr 7 (Saunders and Seldin, 1990a) . In consideration of this finding, together with the fact that Cea-2 and Cea-4 are closely linked, it may be expected that all members of the murine CEA gene family are clustered in this chromosome region.
